↑What is "already known" in this topic: For acute manic or mixed episode a combination of mood stabilizer (lithium, sodium valproate, and carbamazepine), wth an atypical antipsychotic (risperidone, olanzapine, quetiapine, aripiprazole) is recommended.
Introduction
Bipolar disorder is a chronic and disabling disorder among children and adolescents which can seriously damage patients and families (1) . Bipolar disorder at very young ages and during key stages of life deprives patients of normal psychosocial development. This disorder is associated with high rates of hospitalization, suicide, psychosis, and substance abuse as well as behavioral, educational, social, and legal problems. Furthermore, this disease has negative impacts on the relationship with parents and siblings, and it also hurts families financially (2) . The prevalence of this disorder is reported to be 0.1 to 1% (3) .
According to the program presented by the American Academy of Child and Adolescent Psychiatry, the firstline treatment of acute manic or mixed episode is monotherapy with a mood stabilizer (lithium, sodium valproate, and carbamazepine), or an atypical antipsychotic (risperidone, olanzapine, quetiapine, aripiprazole). In cases of psychosis or severe agitation, a combination of a mood stabilizer and an atypical antipsychotic can be used at the beginning (4 2 chotic which was accepted in 2007 by the U.S. Food and Drug Administration (FDA) for the short-term treatment of acute manic or mixed episode among 10 to 17 year-old individuals (5) . Several studies have shown the effectiveness of this drug although it might not be effective in all patients and it could also have considerable side effects (6) .
Quetiapine is an atypical antipsychotic with a unique receptor binding profile. This drug has high affinity for alpha-1-adrenergic and H1 histaminergic receptors. Moreover, quetiapine has binding affinity for 5-HT2 and 5-HT1A serotonin receptors and D1 and D2 dopamine receptors. This drug has a higher affinity for 5HT2 receptors than D2 receptors (7, 8) . In 2004 and 2009, quetiapine was accepted by the FDA for the treatment of acute mania in adults and adolescents, respectively. Although only a few studies with this drug have been conducted, they have all shown that quetiapine is well tolerated and effective in bipolar disorder in children and adolescents. In these studies, quetiapine monotherapy has been compared with placebo and valproate, and a combination of quetiapine and valproate has been compared with valproate alone (5) . The weight gain induced by this drug is relatively less than risperidone (9) . This drug is less likely to increase the prolactin level (10 , 11) , and such increases are usually transient (12) . Despite conclusive evidence of drug treatment for bipolar disorder in adults, there are still ambiguous points regarding the pharmacotherapy of this disorder in children and adolescents (13) . There is little information about the comparison of the effectiveness of these drugs. Some studies have not reported a significant difference in the effectiveness of these drugs although the number of these studies and the number of patients are relatively low. Moreover, there are some differences between the side effects of these drugs (14) . Therefore, it seems necessary to conduct further studies in this field. No study has been conducted on the comparison between this drug and risperidone. Hence, the present study aimed at comparing the effectiveness of a combination of lithium and risperidone with a combination of lithium and quetiapine. Moreover, the side effects of these drugs and their effects on metabolic parameters and prolactin will be investigated.
Methods
This is a randomized control trial study (IRCT201205059645N1). Bipolar children and adolescents who were hospitalized for a manic or mixed episode were recruited from consecutive inpatient admissions to the Child and Adolescent Psychiatric Unit at Razi psychiatric hospital (University of Social Welfare and Rehabilitation Sciences, Tehran, Iran) from June 2012 to September 2014. Patients were included in the study if they were 10 to 18 years old, met DSM-IV-TR criteria for bipolar-I disorder currently mixed or manic, and had a Young Mania Rating Scale (YMRS)(15) score of > 20. Patients were excluded if (1) they were pregnant; (2) their manic symptoms were secondary to substance intoxication or withdrawal; (3) they had a substance use disorder within the prior 3 months; (4) they had a diagnosis of mental retardation (IQ < 70); (5) they had an unstable medical or neurological disorder, cataracts, or clinically significant baseline laboratory abnormalities; or (6) they had a history of hypersensitivity, intolerance, or nonresponse to quetiapine, risperidone or lithium. Patients were also excluded if they had been treated with a long acting neuroleptic within 3 months and an antidepressant or antipsychotic within a week (fluoxetine within a month). Patients previously treated with lithium, valproate, or carbamazepine were required to have serum concentrations of <0.3 mEq/L, 30 mg/L, and 3 mg/L, respectively, before receiving medication in this trial to ensure that these medications were adequately washed out. Patients were also excluded if they had been treated with other antiepileptic agents within 72 hours. The University of Social Welfare and Rehabilitation Sciences review boards approved this study. Patients provided written assent, and their parents or legal guardians provided written informed consent for study participation and publication after study procedures were fully explained to them.
Diagnostic interviews were performed with the Kiddie Schedule for Affective Disorders and Schizophrenia for (16) by child and adolescent psychiatrists. Patients and their primary caregivers were interviewed separately. Primary caregiver and child responses were combined to ascertain diagnoses. Teachers and other primary caregivers were interviewed if there was a discrepancy between the primary caregiver's and the patient's responses. Demographic information was obtained by interviewing the patient and his or her primary caregivers.
Young Mania Rating Scale (YMRS) was the efficacy assessment measure used in this study. The Positive and Negative Syndrome Scale-Positive subscale (PANSS-P)(17) (to assess the severity of psychotic symptoms), the Children's Depression Inventory (CDI) (18) , the Revised Children's Manifest Anxiety Scale (RCMAS)(19) (to assess depressive and anxiety symptoms, respectively), CGI -Improvement (to assess response to treatment) (20) , and the Children's Global Assessment Scale (CGAS) scores ( to assess overall level of functioning)(21) were also used. Scores of YMRS and PANSS -P were determined at the beginning and at the end of weeks 2, 4, and 6. Other measures were assessed at the beginning and the end of the study.
Extrapyramidal symptoms (EPS) were assessed at the end of weeks 1, 2, 4, and 6 with the Simpson-Angus (22), Barnes Akathisia (23), and Abnormal Involuntary Movement Scales (24) . To evaluate other side effects, openended questions were asked of the patient and the checklist of side effects was assessed in those times. Laboratory tests obtained included a complete blood cell count (CBC) with differential, fasting blood glucose (FBS), liver function test (LFT), thyroid function test (TFT), blood urea nitrogen (BUN), creatinine (Cr), electrolytes, and prolactin. These parameters were assessed at the beginning and the end of the study. Vital signs including orthostatic blood pressure and pulse rate on a daily basis, and weight and electrocardiography (ECG) at the beginning and the end of the study were evaluated.
The primary outcome measure with respect to efficacy was the mean decrease in YMRS score from baseline to the study endpoint, which was compared between the 2 groups. The secondary outcome measures of this trial were comparison of changes in YMRS score from baseline to each time point, response to treatment (defined as ≥50% reduction in the YMRS score or CGI-I score 1 or 2), recovery (was defined as a YMRS score less than 12), and changes in PANSS -P, CDI, RCMAS, CGAS scores.
Secondary safety and tolerability outcomes included incidence of adverse events and changes in vital signs and weight, neurologic side effects, and laboratory tests.
According to a study that compared the combination of valproate and quetiapine with valproate and placebo (mean difference of 5, s = 5, α = 0.05, and β = 0.2), the total sample size of 30 patients (15 patients in each group) were calculated (25) .
Based on random permuted blocks, patients were randomly and equally assigned into 2 groups: lithium plus quetiapine, or lithium plus risperidone (blocks of four, allocation ratio 1:1). An independent person who was not involved elsewhere in the research project generated the randomization codes by Excel software. Assignments were kept in sequentially numbered, sealed, opaque envelopes and were opened sequentially only after the participant's details were written on the envelope. Separate individuals were responsible for rating and random allocation of the patients. The study participants and research investigators were all blinded to the treatment allocation.
The usual doses to achieve blood levels of lithium (0.8-1.2) were administered in all patients.
In the group treated with quetiapine, patients received 50 mg of the drug in the first day, 100 mg in the second, 200 mg in the third, 300 mg in the fourth, 400 mg in fifth, and the maximum dose of 600 mg was administered on the seventh day. Risperidone was also started with 0.5 mg, increased 0.5 mg every 2 days up to maximum 6 mg per day. If it was possible to reduce agitation and aggression, a maximum of 2 mg of lorazepam per day was permitted. 
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In more severe cases, intravenous haloperidol 5 mg per day was administered. Statistical analysis was performed using SPSS v.22. Continuous and categorical variables were reported as mean ± standard deviation or number (%), respectively. The independent t-test was used to calculate the differences from the beginning to the end of the treatment for each efficacy measure between the groups. Two-factor repeated measure analysis of variance (ANOVA) was used to assess the effect of time and time × treatment interaction. If the Mauchly's test of sphericity was significant, Greenhouse-Geisser correction for degrees of freedom was used. Student t test (and Cohen's d effect size) was used to compare the score change between the 2 trial groups. The number of patients who had responded or recovered was compared between the 2 groups using chisquared or Fisher's exact test. A p-value of less than 0.05 was considered statistically significant. Group differences in rates of adverse events were determined using the Fisher exact test.
Results

Participants
Frothy one potential study candidates were initially identified. However, 9 patients did not meet study inclusion and exclusion criteria because they had YMRS score <20 (n = 5), a history of epilepsy (n = 1), a substance use disorder (n = 1), a history of hypersensitivity to risperidone (n = 1), and used the long acting antipsychotic 5 days prior to entering the study. In two patients, the parents did not consent to participate in the study. Therefore, 30 bipolar patients were randomly assigned to receive either lithium + risperidone (n = 15), or lithium + quetiapine (n = 15); all participants completed the trial (Fig. 1) . No significant differences in age, sex, age of onset of the disorder, the presence of a mixed episode, attention deficithyperactivity disorder (ADHD), and weight at baseline was observed (Table 1) .
Drug dosages
At the end of the study, in the quetiapine group, mean±SD dosage of this drug was 501.66±70.37, mean±SD dosage of lithium was 1346.66±238.64, and mean±SD dosage of lorazepam was 1.06±0.45 mg per day. Mean±SD lithium level was 0.96±0.11, and mean±SD time to reach this level was 15.53±5.44 days. In the risperidone group, mean±SD dosage of this drug was 5.26±1.16, of lithium was 1306.66±205.17, and of lorazepam was 0.93±0.59 mg per day. Mean±SD lithium level was 0.92±0.12, and mean±SD time to reach this level was 15.73±5.22 days. There were no significant differences in lithium dosage, level and time to reach this level, and lorazepam dosage. There was no need to use anticholinergic drugs in the quetiapine group, but in risperidone group, 5 patients needed biperiden because of emerging extrapyramidal side effects. Mean±SD dosage of biperiden was 1.53±2.47 mg per day. The difference between the groups was significant (p = 0.04). In 6 patients from the quetiapine group and 10 in the risperidone group, 5 mg intramuscular haloperidol was used for agitation or aggression control. The mean±SD number of injections in the quetiapine group was 1.73±2.34, and it was 0.6±0.98 in the risperidone group. No significant difference was obtained between the 2 groups.
Primary efficacy measure
Baseline YMRS scores were similar between the quetiapine (25.8±4.6) and the risperidone groups (26. (Fig. 2) . At the end of the trial, no significant difference in YMRS scores (quetiapine group: 7.46±4.32, risperidone group 10.2±4.64) was seen (t (28) = -1.66, p = 0.1).
Secondary efficacy measures
Considering at least 50% reduction in YMRS score, the response rate was 80% with quetiapine and 73.3% with risperidone. Considering CGI-I score of 1 or 2, response rate was 86.6% with quetiapine and 80% with risperidone. Recovery rate (YMRS score < 12) was 80% with quetiapine and 66.6% with risperidone. No significant difference was found between the 2 groups in any of these rates (Table 2).
Baseline PANSS-P scores were similar between the quetiapine (15.06±6.25) and the risperidone group (13.66±5.32) (t (28) = 0.66, p = 0.51). Within each treatment group, PANSS-P scores were significantly reduced from baseline to endpoint (quetiapine group: t(14) = 5.9, p<0.001, risperidone group: t (14) (Fig. 2) . At the end of the trial, no significant difference in PANSS-P scores (quetiapine group: 7.8±2.11, risperidone group8.6±2.16) was observed (t (28) = -1.02, p = 0.3).
In the quetiapine group, RCMAS scores (t (14) = 3.5, P 
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<0.001) and CGAS scores (t (14) = -10.5,) P <0.001) were significantly decreased from the beginning to the end of the study. Reduction in CDI scores were not significant (t (14) = 1.6, p = 0.1). In the risperidone group, reduction in RCMAS (t (14) = 14.2, P<0.001), CDI (t (14) = 4.2, p = 0.001) and CGAS (t(14)=-12.7, P<0.001) were significant. Between the 2 groups, there were no statistically significant differences in CDI (t (28) = 1.5, p = 0.1) and RCMAS (t (28) = 0.69, p = 0.4), but the difference in CSAG was significant, and reduction with quetiapine was greater (t (28) = 2.4, P = 0.02).
Tolerability and side effects
There were no significant differences between the 2 groups in changes in the QTc interval, TSH, CBC, and LFT. Orthostatic hypotension was not observed in any patient. No serious adverse events were observed. The most common side effects included sedation, increased appetite, sialorrhea, dry mouth, and tremor (Table 3) . Frequencies of adverse events were not significantly different between the groups, except sialorrhea that was greater with risperidone. No significant difference was found between weight at the beginning and the end of the study in none of the groups. Moreover, no significant difference was detected in weight between the two groups in the endpoint (t (28) = -0.23, p = 0.8). Prolactin levels were not significantly different in the 2 groups at baseline (t (24) = -0.08, p = 0.9). Prolactin levels increased significantly in both groups at endpoint (quetiapine group: t(14) = -9.2, p<0.001, risperidone group: t(10) = -17.02,p<0.001). Prolactin levels at the end of the study were higher in the group treated with risperidone (944.45±291.76 vs. 697.93±392.62) although this difference was not significant (t(24) = -1.7, p = 0.09). Repeated measure ANOVA was used to assess the effect of time and time × treatment interaction for SAS, BARS AND AIMS. For the SAS scale, time effect (F = 7.3, P = 0.01, partial ƞ 2 = 0.2) and time × treatment interaction (F = 7.3, P = 0.01, partial ƞ 2 = 0.2) were significant. On BARS scale, time effect was significant (F = 7, p = 0.01, partial ƞ 2 = 0.2), but time × treatment interaction was not significant. For AIMS scale, none of the above was significant.
Discussion
The results revealed that a combination of lithium and quetiapine, and a combination of lithium and risperidone are effective in reducing the symptoms and treating manic and mixed episodes in children and adolescents. Both combinations were well tolerated and no severe side effects were reported in any of the patients. At the end of the sixth week, YMRS scores in the quetiapine-treated group were lower, but the difference was not statistically significant. The rate of recovery (YMRS<12) was higher using a combination of lithium and quetiapine (80% vs. 66.6%). Considering at least 50% reduction in YMRS score and/or a score of 1 or 2 on the CGI-I scale, the response rate was also higher in the quetiapine-treated group, however, there was no significant difference between the two groups. The results of the present study are consistent with those of previous studies. In a 3-week placebo-controlled study, the response rate to risperidone treatment was reported to be 61% (26) . In another study on the comparison between a combination of lithium and risperidone and a combination of divalproex sodium and risperidone, the response rate to lithium-risperidone combination was 82.4% (6) . Few controlled studies have been conducted on the use of quetiapine for the treatment of mania in children and adolescents. A study in 2010 investigated the rapid increase in quetiapine dosage among 75 children and adolescents with bipolar disorder in manic or hypomanic phase. In that study, the starting dose was 100 mg daily, and it reached 400 mg on the fifth day. A further increase in the dosage depended on the clinical aspects. In the sixth month, 70% of the patients were in remission (27) . A study was conducted in 2013 to determine the effectiveness and safety of quetiapine monotherapy in children and adolescents with mania. The patients underwent treatment with quetiapine (400 or 600 mg daily) or placebo for 3 weeks. It was found that quetiapine was more effective than placebo (28) . Although various studies on comparing the effects of antipsychotics in adults with schizophrenia (29) and bipolar disorder (30) have been conducted, there is little information about comparison of these drugs in children and adolescents. In 2011, the available data on the effectiveness and safety of atypical antipsychotics in children and adolescents were reviewed. Results showed that with the exception of clozapine, which is more effective than other drugs in treatment-resistant schizophrenia, the effectiveness of other drugs was not significantly different. However, the number of these studies and the patients participating in them were low (14) .
Although different studies have shown that atypical antipsychotics are effective in the treatment of mania in children and adolescents as an adjunctive treatment with mood stabilizers, the side effects of these drugs limit their use in children and adolescents. Clozapine is associated with agranulocytosis and seizure, olanzapine with weight gain, and risperidone with weight gain, elevated prolactin level, and extrapyramidal side effects (31 , 32) . In this study, both combinations were well tolerated, and no severe side effects were observed in any of the patients. Although sedation was observed in a larger number of quetiapine-treated patients (73.7% vs. 60%), the difference was not significant between the 2 groups. Increased appetite was more observed in risperidone-treated patients (40% vs. 26.6%), and tremor was only observed in 26.6% of the members of the risperidone group, however, these differences were not significant. The only side effect observed 
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in the risperidone-treated group was sialorrhea. Overall, extrapyramidal side effects were only observed in the risperidone-treated group. Moreover, to control extrapyramidal side effects in this group, anticholinergic drugs were required. Comparing the scores of SAS scale between the 2 groups showed a significant difference. In other studies, risperidone was associated with a greater tremor and dystonia (14) . Weight gain is one of the side effects of most of the antipsychotic drugs. In the present study, weight gain rate was similar in both groups, and no significant difference was observed. In other studies, quetiapine-induced weight gain was somewhat less than risperidone-induced weight gain (9) . Moreover, at the end of the present study, prolactin levels were higher with risperidone treatment, but the difference was not significant. In other studies, increased prolactin levels with risperidone treatment were observed (26) . Previous studies about quetiapine have shown that prolactin levels are less likely to increase in this group (10, 11) and such increases are usually transient (12) . Other laboratory findings showed no significant difference between the 2 groups. Moreover, no ECG abnormalities and vital signs changes were observed in the patients. In other studies, increased metabolic parameters were observed in treatment with atypical antipsychotics (33) . Perhaps the lack of increase in the present study was due to the short duration of the study.
There were also some limitations in this study. First, the sample size was too small, which could reduce the power of the study to find the difference in effectiveness and side effects of quetiapine and risperidone. Moreover, studies with longer duration are needed to compare the effectiveness and side effects of these 2 drugs and determine their effect on preventing the recurrent episodes. It also seems necessary to conduct studies on investigating other strategies to increase quetiapine dosage for greater effectiveness and fewer side effects. Finally, this study was conducted among hospitalized patients, therefore, it may not be possible to generalize its results to other clinical groups. Despite these limitations, the results of this study showed that quetiapine, as an adjuvant drug, is at least as effective as risperidone in controlling acute manic or mixed episodes in children and adolescents. Moreover, there would be no extrapyramidal side effects and no anticholinergic drugs would be needed to control them.
Conclusion
Combination of lithium and quetiapine, and combination of lithium and risperidone were equally effective in reducing the symptoms and treating manic and mixed episodes in children and adolescents. Both combinations were well tolerated.
